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caca7rr;s7 heaimx; a ouFvcESiBANm] oil some 'jo 

CXKiXTB PERKERBILTW AW) S51K3FCU»fa.V PFmXB OIL 

This iTivBEntioJt rolarted to raTowpxin^ oil. ficm a subtacrojiean 
oil by mftfliw of !i cx^ivSiictiw heat driT<a pmrss^jsj, ^tare 

l^articularly , tha invfinrtion lelates to tr carting a nslikti\'«Xy thj.ck^ 
BTd sub^tantiaLly ccarrpltftBlv uipanpeable subtorr&nc^ oil Bhale by 
nioans 9. ccxndtictlvc hcsatirtg pLXyjamm whic^ both cr^Ates a 
penaaablfi zona within a selected portion of thu ni I shale arcl 
^ubaequeiiftly pecdxiom ehale oil lij^ocarbons. 

A pj?nnBaibiliLy-&i<33d type at cxriductive heat drive fbr 
producijiq oil frcni a sutoterransaan nil shale irtventod in Swodem 
iTy F.Ljungfitrtaem. That pKtxresa, which W{»3 inx-entad abnot 40 years 
ago* WIS comiorcially uoBd on a simU scale in tho It is 

de^iribacS in SwetU^ Patents NOfr. 12a,737f 123*136; 123,137; 
123,13d; 125,T12 an.i 126,674, in \2nitad Gtatea Pateot blQ. 
2/732,195, and in .ioomaX articles such asi "anid ter gro i ir>ra S3^e Oil 
Pj'rolyais Acoordittg to the Ljungstrom »atixd', m \foljTO ^4 

Ko, 3, petgas 119 to 123, and '^t Buargy Recovoriea For The 
In Situ nielcictrlc tiDatijng of oil Shale" , Oil Shale S^Tiposiuoi 
Prooaodingfi 11, page 311 to 330 (1978), Id the 3«ediab pa.TX3ae«, 
l*^t in7ectd.Gn wells aiidt fluid producxn? wells wee ocnqpl^d 
(cithin a penreiibae nsar-surfaco oil abale fonnation so that tJiero 
vKiB h>B& thfto a thiQa-cBtre separatlca b«tui^ thA barehjlee. The 
>)aat injection wslls visxe tiquipped with electx-xcal or othsx hoatlA? 
olanonts uliich ^mtm sixncounded by a news of nat^ial, such as aand 
or cenentf arran^ to txcmaodt haat intao the oU shale 
!pace!vcntb39 any indcsifinc} or outflowiiig oi fluid. In the oil tfude 
for which tiw SMadisb itEooass loas deeigned aeid tesesd, tho 
pfsmaabiXity was such i±at« duo to a cmtinooue inf lotring of oround 
wxtar, a cantinuouB ptJtpin^'oat of uatar was naadad to avoid 
Masting enorgy by eva^oretli^ that wati^. 

With xaapact to .flii3iitBo:itaalXy ooopletely iJO^xmnsAble, 
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i-HJativcly clfcuap and ):elaLivc2y t}iu:X oil sJ^ie ttepowits, siicb as 
t}y:)s« vn tlic Picaance Iiafli.n ill ttje Unit-Ai statott, tha pcMsriJ^xlity 
u£ utliizjng a ooiiduxjfclvo hpBtdivg prooBsi* tcsr ptroduclxxj oil ^5 
pr(?vlc*.iaiY aoiisidertid to be — aooaxdlrig to prior tCAcbirqe and 
beiieis — wi-Tnooacally unfeaadbTe. Foo: oxatrpia^ in tha 
rihcwe-i<fcntified OxX ShAlo Syiaposyuift^ the Ljurwyatrcfsn vxrocjoss is 

oil by flrabecWiiig twbular eljacLrical heixting elmaita within 
higl^-cfraiie shale dcpoolta. This TOUhod reliad on ordii^aiy tlianra-l 
diffusion for shdJ.e l»Ating, which/ of. ocAXxea, require* Lafgu 
tenperat^irQ <jrau3ienta. Vlivw, heating («ai« very iiun-uniforro; jnjnthc 
wore r<2quir©d to fully zretorc srall jctxxn-sice blocks of nhale. 
AlsOr laicii t>aat energy \ais vroatnd .in undcrfujoting tlie chaie jsgdnn« 
l:^oorI the periphery of tile lubriit jpg zone oad ok-cThftauing the 
KlialQ closest to t^ui beat Douroe. Tha latter latoblan i« ef^pecialLy 
iit^xirtant iu the oaoA of I\^^m shAlefi , since U'.ecael is^£±i-^ ici 
averhuartad zonefl/ cannot ba fully rcccverad by diffu-ri.on dno to 
CL)doi:horndjC reactiomi which take pUce abcvo abcrjt &0O fpokt^B 

In AubstantiAlly in^Brneabl© typea of tBlativcly thick 
fiiiilKtarxanean oil shale farnBti.ooa/ tiau creating and tMontainicg of 
a pcmombia ibona IJmxxigh which the p^'rolyais producta can be flowa^J 
liaft been found to ba a 5pvere pttjibianu In ijt> Fatcnt Cto* 3,4$(J/376# 
it is fltatod (in 00I&. 1 and 2} that "thfirs are two Jicc^itttiaca 
involved it) the transpcart of heat tJtcougJi the oil nhf^le* Heat is 
trarwfcrrod thitsugh the aolid mftCft of oil ohale by ccciduction, fllvi 
boat is <\lao trans f err od by cK^nveckicm d\rouoh the solid tra^s of 
oil Ejbale. 'itje tranaiEr of haat by oojiductinn 19 a relativ*!ly alow 
prooi&i, ms average cheiakil ocrtdoctiyity and av&rogv tbenoal 
dif.f aeivity of oil afaal« «r« aix»t thoia of a fireiaricfc. Iba matrix 
of Eoljd oil shale hao an (octreoely low tamabllity ituch lite 
un?;lat««3 parciaain. As a nowilt, th© ccwwcctiVB tranirfer of heat ic 
lintitttd to heating by fluid flotcv obcaiixd in open channels ^ich 
trEi\(cr&« tha oil shal«. 'Jbeao flo? channels nay b» oatural ai^ 
artif icially icducad fractures. , . * Gn hRating* a layer of 
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pyiolyzfld oil Gdiaie bailcTg adjciaacrt tha chancel. 13 da layenc i.3 aa 
ii^orgnnic wrijieral oiiitrix wtjicJx oar^ainM var>n.i^ degroes of carton. 
iiiB layor ia an efvcr-Qxpafldirg lamer ti> hoot flew fran ti» 
heating floiJ in the channal." patent ic diiHcted to a proceHs 
for cn rculAtljjg heated oil iihala-^pjrroTyzlJvg flaid thrtxtgh a flow 
channfi^ «*iile Adding abrasive ptfirticlM tx3 t]» circaiating fluid to 
erode th«i layer of pyntUyKed oil sbale haiitg formed adjarcat to t]io 
chaDTjDl. 

A].ttoj^ th» thwjual coochictivit^' arvft tJioiarwi dLffusivity of 
iKoiy aubterranaaa oil ahalcs are, in fact, rdati^'eli' admi-i/scr to 
those of unglaxed porcalaio and firchrlck, US patent Nb 3,237,689 
postulates that '»a rapid aA'anoo of a iioat fxant" (CaJ.. 3, lina 7> 
can bR obtaiiicd by exchancpLng haat fastsnieen the oil ahale ai^. a 
nuclear i-^ctoc ODoUncj fluid and deanrd-bes gyctans for uaing guch 
reactor* either lcx»tad on ths earth's aurfaoa or in tha oil abale 
deposit. 

£1S Patotit No, 3,2&<,2fll i£tty« (at Col. i, Utaea 3-21), "the 
pcooducbion o£ oil fxooi oil shald, fay l^tii2g tbfi ahale by various 
cneans gvu^ as ... ^ el&7brical reaiatame heater . . . has b^m 
Atteft|?ted with littio aoccEsw, , ♦ . pjacttirincr of tha sbala oil 
ptL-ior to the applicatico of hnt thereto by in sita oarbustlan or 
othur means has bean jcjracttjDCd witli little success Lecaose the 
3hal« RMRlls upon lioating with coDsequfiAt partial or oonc>lete 
olosuro of the fractura*. Ttoa patesK deacribea a ptnceae of 
aaqiientially haating (and thus es^tellijig) th© oil shale, then 
inj^otin^ fl^jld \:o l::ydraulioaiay fracture tfaft eMollen shale # t^ysjo. 
repefiti]*^ thosQ ert^ vinrtU a lisat-Btabla fracture has b^ 
prppa^fatBid into a prodi»tiofi wall* 

US PatiQttt RD« 3^4&S/383 ddfioribee the acccEnulaticn of 
pdtrtially depleted oil tf»la Ixa^acsits irfithxD a flow cbannol such 
as a horiidntal fractufo being held cpea by tha pceaanre of tJie 
fluid wltMn the chamcl. The patent discloses that if the chstnnel 
roof is llTtod to maintain a flow path above sodi a layttr of 
depleted shalfi, i±m o^inrlylng fofinttrt-inng nust ba bent andp vdthout 
pre^iuticmG, vdll band to an octmt ceuain? fractures fao €>ctend up 



- 4 - 

to thm surface of tha «»Ttb» Tte patsaot Id directed to a proceft.-i of 
IcrtAimittAniJy rocluoinq the p:c53urc oqq tha fluid wltMn sucb 
fracture to aiiopf tha wight of tbe ovetbardGn to orusn and ootnpact 
the layer of aspletal ahale. 

In a 3i<jnificaiit forti.on of stisstantiaJJy Impc^fseDble aivi 
fXilativiHly tJuc* oil ahal» depcisits, buch aa those in tha Pioeancc 
Basin, a valuable re^xiroo of alimjiunB is present in the ronn otf 
dawsonitfl. In OS Patent No. Jr3W*97S, dij»etBi3 to reoovorljig 
aUnrdnion valued iron retorted oil ahailiHi ha»« baan mined cut 

fxcn Boch deposits, it 1q pointed out thsit* in a substantial 
atoonott of v{ater# at t«»fsratur» of about UOO the dow&onitB Is 
convcrtfid to cryptalline ficdiian aluKir^to. Such a >iate3>£rai3 
xetortin? can da LLuipoaa dolcaUta in tha shale to ptuduca carbon 
dioxide/ caldtfi, and laagneslum oxlda so tUat nagncsiuai vxitSa 
catbiintta with part of tha aiiiodn dioadde in tba »liale<. in a rnannar 
permittii^g a higher rooovuxy o£ the aluaalniuna valms hy n i/w^iVnj 
prooesc, us Ptttant Mo. 3,502,372, dlieoted to utllLcmg rolution 
Kdidxiq to rsoovor daa««onibe« IndliAtaa that Kheire the {jyTolyAi? is 
effected by an agufiuua fltiid* such an ateai or the prodecta of 
undargttTiiod contustton, it xniet be ccnducted ^ a Xov teqp^aturti 
and time roiativaly aloifly, to avoid caavtactiiiQ tJic doMeonite and 
Qthav soluble alutrlnit» o c opo uj ids to innoluble matcrlAl Sfjch aa 
amlcita« In U3 Pabent 2b. J,!r72,838r a similar ralati\'ely lovr 
teqperatura pyxolyida le altoenatad vritb in3ectiQns of an squaoua 
alkaline fluid oontaiidng an add^ipgolnhla chalatlng agont to aid 
ill Icaiching daarecnite viiUiout £ocro,n9 sukcib Insolubla xnaterials. 

'Che presoDt in\'«ntian celates to a ^jtu u e am for oondttctivtaly 
liefttix^ a ai±rberzanean oil afaala £cM3ivtlon in a ntttrar arranged Cor 
pcDducijng oil fxooi a tsobterxanean oil ahalA fixnatiOD ^dUch id^ 
initially, ?ubscantialiy ijicvrneable. m aciaa i ^th this 
ijwontica, tba poortion of oil ahalA dspoait to ba traated ie 
seiectud, on the baele of ths variatioaa vith daptfa Ia the 
ctspoeitiQn an pcopartlea of itc ocnqpcnentei to haK<c propartiaa 
capable o£ Sntacacting in a itanocr vihieh enhasicea the tmifonnity of 
the heat fronts to an axtent linuting tba tine and enex^y 



oxpeodlturas producing tha oil to vaLues equivalent to than 
tha value ot tUm oil whtctt !• prodMC«4. Tho aeXectlOQ of thm 
treatment interval l» ba«4d oo th« gr*d« and -thlckn«»ft ol th» 
portion of oU chaifi deposit to b< treated and the enheinceftont it 
provides amountii to reducing thb awouat ot heat «n«rgY loet doe to 
exothenatic «lde roactlons and incr«ftslD9 the anotukt oi oil 
recovered fron a ^ivon qrade of oil shale. 

In accordence with V\X9 invention lat ieaat tvo veils are 
completed into a aubterraneaft oil atiaite treatneat interval whieh 
1& flubfttaotially ia)p«meable* eontaina vuhataatiallY no uoblle 
water^ is ac leaiit about 30 n thick, ia capaMe ot canfloXag fluid 
at proceed preaaure, at leabt aubetantially wi^tUln Che l:rft&tAi«nt 
inteirval, and oontalou a grade and tbiekness at oil ehale euch 
that the average grade la gallone ot oil plus gac equivaleot par 
ton by Fiaoher Atfaay ia at leaat aboot 10 and tha product of the 
^rede tiQie« the thitfSLnesa 1q oetrea of the oil 8h«l« la at least 
about 900. 

Thus, the presant invention provides in a process in 
vhlch cil Is produced froa a ffubterranean oil shale deposit by 
exteftding at least on* each of heat-inj«ctlng end f iuld-produolng 
^ells into the d«poait« establiahing a heat-eonducttve fluids 
iinpemieaible barrier b^ttraen the Interior of eaoh heat-injecting 
itell and tha adjacant deposit, and then heating th« interior o£ 
^ach heat-injecting at a taoiperataxe sufficient to 

coiiHuctlvely beat oil ahale kerogen and cause pyrolysla produets 
to forv fraoturefl vithin the oil shala deposit through which the 
pyrolyais products are displaced into at least one prod^c^loa 
vall^ an laproyenent for enbaneiiig the unifomity o£ tha heat 
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tronts oiavlug through tn» oil shail* depot jt. which cQ«prlfl«»r 
determiniag variations wlnh daptb m th« cosipoitition and 
prop«rtiea ot oil ahal« deposit; 

coTopUting s«ld h«at-in}«oxlQg and lluld-pioduclng k«lls 
BBlectivoly into a troateaiant interval of oil shale In which 
the oil shala deposit (a) is at least tbout 30 m thick, {b) 
Ifl 9ub0tautiaUy imj^^rneahla a,t>d froo o£ mobila vater, 
(d) has a coE&posltion a\id thicknttss such tbat tha product of 
the avezage fitichar Aa^ay grade tlnaa tt:xe thlohDes* ot tha 
treatment interval la at leaet about 900, ^nd 4d) thereby 
contains conponenta capabl« of interactiAg in a laauner 
enhancing the tiniiormicy ot a frotit of conductively 
transcDatted heat^ with said wella being arrai^ged so that^ 
at leaat tubetantially throagbout said traetaent iDtarval^ 
the veil borelxolea are aubatantially parallal and are 
separated by aabetantlally equal distances of at least 
about 6 m/ and 

wlthiik the interior of each heat-injecting well naintaixilng 
an averaga tamperature which, selectively along said 
treatment interval, is at least about 8 00^C, but la not 
high enough to themally damage eqxiipment vlthla tha wellp 
>rhlle heat ia being traesnltted. away fron the wall at a 
rate not significantly faster than that permitted by the 
therjoal contmctlvities of the esirth fornatioos adjacent to 
the heatad interval vlthln the wall. 

In a looatloQ In which a subtarranean oil shale may 
contain portions vhlcb axe generally suitable for usa ae a 



tx«atiR«iix lat«rvftl (aft deQcrlbed abov*) but are ape to ba 
>«rs)Qat«d by BubstflmtiQlIy dlaconnecco^ Q&bnxal fraciTtrea And/ or 
planes of veakneso as vrall as being losatad ii«ar boandarleo of tha 
oil recovory pattern and/ox naar a pocantifiQly activa aquitar. the 
operation of tha present pro^ceso can advantagaoualy b« combined 
vith a usa of "^^uard walls" locatad naax tha pariphary of tha oil 
recovery pattern aAd/oi: betvaau a production wall and an aquifar. 
Such guard veils ara extended at laast aubatantlaily throughout 
tha vartical extent oi tha treaUnent intervals and tha adjacent 
fornatlons are initially haatad by thantal conduct ion in a oanner 
aimilar to that enployed in tha haatwinjactino «&ll5, axeapt that 
the guard vralla ara heated at tasiperaturaa which ara too lovf to 
gasify significant pto^ortioo of the oil ahala organic conponeiitB 
hut ara high enough to causa a 9i9Qifloant thernal axpanalon ot 
tha rock matrix ot tha oil ahala deposit. 

In Sana instancasr it najr ba desirable to maintain sQch 

a 
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reJAtivcly Iw trarperatwre guani veil tmatting thrcjgtwut at; least d 
sitotaiitiaLl portlCD of tba shalo oil riKwevy pcrscesa. In othsr 
Snataiwco, iiltor cm initiAl rnkJat-ivoly low teatjarature Jw^ting of 
the guaxti M^jLLs^ It icey b£ «3d>/antagea«i to 1i95iL cjuard «^«liB ut 
5 afjout tha tempera Cure aeloctcd ffar the hsat-injecting woilfi, iii 

ordar to expand t^R pattern of waOia ircm utiich oiJ i£; di^lacst^d by 
thexmal oo^iducTtifsn. 

AS U9ad bcrcia x«gardLLng tiv9 grade of the portion of oil fshaXe 
to be tr&ated/ the "averogpd cprade in galloon per ton by Pisu^jar 

10 Assay" refi&rtt to the followingi TSw datAirttinatlcsi in or U 

eqrolvalcnt to a daterndnAticn ccoducted si^^stootizaiy an d»acrUbed 
in tha z^&TM Standard le&t Uittod li 3904-60, Cruehtd rate ahala 1b 
i^ofiiplal by riffle^gpllttiiig. lha det«nid.nati^ of tbo ^oBOjtit o£ ciil 
plu9 gas eqvivaloTt available • frtan oil sf^Je is rcsdc by heating tl^ 

15 raw ehald frun airi^iant Cen^ratuzc to SO 0 in cast aiurnlnini^ 

alloy retorts. Ihe vapoox» distilled frcen tho seacpl« ana csxxled and 
tha oondenaod fractlai la ocllactRil. Ib9 oil and wateor fractions 
aro esporatad, tha vmter volmna tootivtsted to ^-eij^ equivaleot) is 
tnaasored and auhtractad from tbo oil plDS Mator waig^» 'l^a M9i9bt 

20 o£ unrnniimwahla ^aiaaa evolved 1ga»-pliiSKlo&s) la tfaea calculated 
l?y dif£erenoe. Tbs ^xadiip as uaed ia the "gxadie times thickness in 
nietrea of oil ediale" product, ia tha gallnns of oil plua 
lnydrocarbcn gaa eqoivaljent corrospondtng to tJta total ^qht iy£ nil 
pluQ hydrocarbon 9as cvol^/ed by the beat: jag < 

?5 Vhi^ w^Jila are conqpleted into ttie trea^xnent interval aM ar^ 

arraiigcd to pfc»ida at least one each of hfiat-injeacAlr^ aiid t'Xuid* 
producing valla havlmg baroSrtcdos Vfhich, aoibatantxally tJtxcouqhout; 
Ux: txcatmaait Interval, axis auhatantxally parallel and ana 
a^xated lyf avtosl-aaitially cgual dietaccsa of at least about 6 nu 

jo lA (Mtct^ ]»at^irrjectin9 veil* substantlAlly tlurou^^^out the tToatinent 
irrtcrval* thio wlL-surxoondin? face of die oil shale fbuu i Li on is 
3ea:ied vith a solid satorlal ord/or cenent vihich is relatively bsat 
ocndnstiv'vi aM sU»t«tiAlly fluid iinpeMdc^* In each fluid- 
prtidi wring mllp siAaatantially thzoucrfaout t}io txvatesnt interval, 
fluid ooBttDnicatian ia Asfcablad^ botWQon tha well baxelvsla sod 
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tins oil «hale fGonoatloa onj la arxango^ for pnxxlucint; 

fluid ±r€B\ tha oil shalo fomatixaii Tlie Ix^terii:^ of oech. 
heat-injKtirg is ho&tcd, at least aobstaiitiiaUy Uiraa^bcut 
Uie treat2ter}t intsrvaL, at a rai-c or rati^ cvnwhlft of (a) 
S ircreaslng tiifi tenpemtxira wlUiiii the borctolct interim: to at least 
aLi3fjt 600 asd (b) maintaining a borcbolc interior tfinparature of 
at least ahorjit 600 ^ without causing Ic to bccaoa high enaigb tn 
thC'AiiBlly damaga equlixn^ within ttw faorehQl« vhll4) tJie rate &t 
Whi<^ h^t is generated in the borebolQ ia ftub«tiS3tia3Iv equal to 

]0 that permitted ty the boat cpcinrfuctivity of tte oil bhaltt foejrarfcion. 
In a preferred aaixdlsaent of the presait prooes&« tba. ftbtttriol 
for 9S<&lin9 the face of tto oil fihalu tartnatiaa alcng che borebolc 
of at l&BLBit cna bfiat-injwrtang well ia a ckssed hnttmi niwing 
qmiTtad by ocaotunt orxangisd to fiU substaAtially all cif the 3pa:x» 

1 S batMEen tsach outennoit xmtaUic eleimvt pneacftU witJ\ln ttid inttriox 
of tbs bocehDla and the adjaccrrt faoa of tha oil shale foniBtion* 
\9lth said ccm^t having a tncnsal ocn^dcctivity at loAtft 
ouhivtant tally as high as that ot the oil shala fonrtaticn. 
DeternzLnations ajnd iniidB of variations with depth iii tt» 

20 cxirpQi&itia^ and Fcra];»irtijG& of th^ oil shale deposit and, in a 

S>articuaarly pirefierxed proccdurtt, baadd ox th« variaticn vdth depth 
in the heat. ooDdustivlty of tha oil ^uOe dapo0it< tha hea:t" 
injecting wells azc ]>Qfttcd so that relatirvely hi^>Bx CeB£»ratuio& 
are ap^liad at depths ad:iacent to pGortlona of the oil shale dsposit 

2;5 in vihich tho haat acnducfcivity ia rclatlvtsly loir. In addition, or 
altamativeXy* Id vaxlm& altuaticRa, the effective radius of at 
least one ttaat-injostixtg wll is increaded by creating an expanded 
porticm of the veil bQacdttlia and extending haat-coodocting metal 
e]£aent3 Bran within the heated well Iptcrior to naar the wall of 

JO tliB expanded portion of tha bocehole* 

Hie praaant prooess is valuable for use tdthiA a txiaatsoent 
intezv^al of oil shalii ^ict) oontains odoar valiiablA ndii&ralA such ms 
daorsonite and/or nehoolite. In such a sitiatian the prfi&oaort ^^tooass 
cifMtee a rentc«d3l0 vona which is selectively located, withiA dte 

35 trcatocnt lotervcd and substantially within ite IxToadarlcs of tho 
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wil pattern u&nd ±ar the oil proiacticru The rewltanu pcnaaahio 
wmi* is> a zoac» frcni Mfhicti aadn otJier cnincxals can be anlntiorv- 

In geoeral, tJie pFG&ont inv^ion Is applicable^ to 
subfitatitiaaiy any aubtctranaan oil .ihal^ (feposit oootaining an 
intervAl of BUbBtanHally iinpexrv^oblft oil E3ba3n vh\(^ is 
subaiaaM-laliy £rco <sf iPohilB wa<^\ is itocc tljan abrajt 30 to thi.c^, 
arid has «u a)C(cquate eiveraTR grade in gallons pof tuQ (Pinciher 
Assay) to give a grado-thicknei» pancJdurt. ot about 900 or greatur* 
ths Avcrcuge groae of t^e hi^bcd idtorval should be 9rQatca' Uvan 
about 10 gallotttf pur ten (Pisdi^ i\&&ay>. Vfithln thaaa liinvtations^ 
a hlQhisr grai^ thickness portsduct i.^ increasingly ctsssiiiibls if otlusr 
oaaiditicm» surrti mi dspth rGUoeiin the sane. 

ijiv«ntian vrill Jicw be cxplaliiad in gxeater detail wltK 
i?E!fiexic9X« to the aoocxifranying drawijDgs^ in uiiido: 

Fignze 1 shows a plot of ralativ« rate of return (HR) fur 1982 
US dolloc* iTweetod in InstaiUisg and opefrating the prooosfi of tha 
proMnt inventioD, asi a tunctlca of oil staAlm grade»tMckacs2 
CG>:ni1 product^ tn proi^aoe dxala oil art its L982 valt»»« 

Figuxe 2 illustratas a plot of thsmal profliafl at an 
dbservation vnll regardiiig teiciG^ritturea raaaaured at <1if fercnt 
depth* (D) and tiraw within that wall. 

Plgure 3 Is a plot at the radial thsann&l profllaa at tha 
middle of a heated rone altar dii£erent tixnea of heating. 

Figure 4 is a plot of thencBl candhicti\'itiBe payallel and 
p£3rpendi<;ular to the balding plaaea of on oil ^hale as a function 
of tcBpcrature. 

Figure 5 is a qraph of Fiscbar Anay yiald with a^ptb (D) In 
arvtf abCTO a nested pcKtign of zdbixrrmsBin oil shale. 

f'igures t et>J 7 axe plote of hcrisoontal and vertioal 
teniaetature pco2ile8 within a hsotad portion ot gubtTerTanoan oil 
£]^ale fOxxiation. 

Figure 8 ie a ed^eentic inufitratica o£ a partioD of a neJ X 
ccopletion arrongnvent 93i table for practising the pEaesnrt 
inventicaru 
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paitottj U£(^ -tar the oil procJucticru Tha rewltant pcnaaahia 
xcne j..^ a aca» £rcoi whicb aot^t ot>»er tttincxal« can faa arOnnlorv- 
ndnedU 

In gftt»ral, tho prcaait invention la applioabLi to 
fiubstatitiaily any subttaixanaan oil .qhal/f^ rScposit oocitaimr.g .m 
interval of HtubatanHnlly lit^^xia&ablft oil shaZft wMch is 
subanaiuially free of jnohtle Kacar# Is ffocc them nbniit 30 xu tJii.c^, 
acid has m adequate tiM&atqm grade in gallons per tuo (PifKzh^ 
Assay) to give a graao-thickmftiw product ot abowt 900 or cfceatier. 
Ths «voraQ« gradR of t>e heated Interval itould be greater than 
abcut 10 gaUocttt pur tm (Fiscii^ Afissy}. VZithln ttaaea lirainatJLons^ 
a hic^mr grade*' thidcn&dft puctsdnct ).5 iiscrcadlngly dttttiriibla if athar 
condltlonii aucrh as depth rcmeita thn sane. 

"Xhs inwntion irlll now be oxplalcsad in greater decail with, 
irefererx^ to the aoooBpanying drmoisgs^ in vd\ica(is 

Pigime 1 *aws a plot of rwiative lato of return (HO for 1982 
US dollozd irweeted in instalUdg aod cperatij«g the prooa&A of tfay 
prosont inventicD, as a fonctloa of oil shale grade^^dui&s^ 
iOiim i^roduct^ ta prociace ^lale oil art its 1982 valoe. 

Flgoxe 2 iHustratfiie a plot of thsznal prof tl mi at an 
dbsdrvation well regardUiig teinperatures cneaBuxed at different 
deptha tDl and tinee within that wall. 

Figure 3 Is a plot at the radial thsamal profile at the 
ndicMle of a heated fcm afteir dlifereort tinea of heating* 

Figunt 4 id a plot of ti\eoBl oonductivdtiBft pinallel and 
pcicpandioular to the bonding plauea of an oil ahale eie a tunctloo 
of tespcrature. 

Figure 5 is a graph of Flaebst Assay yiAld with d^ptb (D) In 
and aboiia a hearted pcoctiion of eubCerronean oil ahale. 

F igures 6 aoJ 7 are plots of horlasoiital and vertioal 
tenpecature profiles within a heated portion of nditerxanaan oil 
flj^ale fbcnation. 

Fignrs 8 ie a echeotttio nhintratim o£ a partioQ of a Z 
cccopletion arrangement mi table for priactising tha preaBrrt 
iiTventioru 
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tar 3diiri, lijungstrosa teac>V!t» tbat tha ir» witu heating »n5 
pyioly^ing ahooTd I» dbna in a portic© of tli» ijnpfiUTwai^lo ConMiticci 
which ia vertically rtcmtigiioiffl to a well-intucoureMctiuq fractxu'e 
ur a layer ^^lich hoa different ga&Lsgical character and ia 
3 permeabLe to flow of the tluid jirodunt.u of the hcatirig ur 
pyroly.iifl, 

Ccntrari' to Ui» ijcplicatiana of sxscJi prior tftachingg ax:x\ 
beliefs/ Aiiplioaats cli3oavur*id that tha prcaffiortly doHcrabaa 
ctnductive haating process is oconoaically feasible for ut» iji a 
10 aiibstantiallv lirpecoiBable fxyfotexranaai oil s^ultu Ttds 1& not 

obvima, particularly in visaw of the fact that thn preJJWXL prcccss 
U983 a imicfa larger well s^^atsinq than ttot usod in tha Swedish 
pitioass and ti» preanit process i^ ccndnctad by Iwating th» 
injectfcn \7Slls to tenf]«ratures of at inaort about 600 laltbat^h 

J 5 600 *c tiaa been said to bii conducive to an ftcotatdcaJ3y vjntenabla, 
hi»t*-mstiog, enebthCTnlc roActionf^ 999 the Oil Shalir SyRpwont 
Prrjcaedlngs ncxstlodied above) . 

By roeano of laborotiaEy ai^ field tAit xnaasaroieota aaod 
inathemati^al modQlA of the present: proc»aar applicants have fc^ind 

20 tJiat whan tiaa W8l3» aro epeaaad^ a»plet6«, add oparatwrt 9m 
prsaeutly <^ 9c , ribmd , the only ration in vihicti beat enor^ ia 
utilized in an endothandc rwtion amoonts to les9 tfian eiXKit U 
of tha a£«^ to ba heated, and tha ewgy lost in that fadniorj ia 
inaacp^if ioaitt. Ai;]^licant9 bavo umfiured tha rate at ttfhich 

25 aiibstantlally litpftfinwibla oil ^hai^ fotmtiana ax« teated I:^' 

CGndiiCti\dty, an^ ddtcirtidraij tha anount of boat roguirod fco* 
pyxol>'«ing Karogan aod thannally ponftssorissing tba pyrolysla 
produsta to preeeurcs oApabla of torturing a mlativtely daep oil 
fibM'-\m ^armabloa add ttsmally displacing pycolyvia pxodoctii thrc«2i^ 

.30 tha ao-s^mated peaneability, 

Iba data bbtainad by such [»daiiretBenta in tte fidd aod in tha 
laboratory baan ««p1o^ted in onlfmlatinna nC pcwer risgaLro- 
nttntBi oocavBiLcaf tim to atart pmtfiyrtlnn^ project docaticQ^ 
acaocnt of productioa, ate*, in mtbeoBtlcal slxmlaticna 

35 OQExslata wiMi tho £iQld sod latocnXcrry ^ nT-z^^r^i* the 
(oa^iitades of such £acti>ra in jMpact to a full soalft pmcaa?. 
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tha oniy ahala oil. j^rcxtuction prooca* of whlc*i cqjylicimtfi aro awar» 
w)dch is CApobla of CCCxiamdciaiy oijfcaining oil frcfti a i:elativcly 
lew grade oil wha^e formatirm, soch as otin in 'j^hicii the Piscto: 
Assiiy 13 oiUy 15 galiocw or Iqbb r»3r ton, ThiB capability can 
•incrcastt tha petroleum vt^jyry^ o£ a sigru (f i<jniit proper t ices ot the 
oil slMilc landu by a Iiictwr of six. In acWicicai, witii respect to 
prwnessec for uotetjiouitti mining and otxiified in titu ratnrting cX 
oil -HhaJe, thD piiftBent pixxeas frigDifiaontly .iJVTrcdSCs tha aoowrxfc 
of awaUablo reaaarxiHa liy clOKLinatlng tJw n&x^ tar s^^jooct pLUarn 
and iutorburdttn betvteeo nrijxing zcamA arA by providing a Bcana for 
treating sribstiint tally all of a very tliick ij^t-rr/al of oil shale. 

Tha present pmoes? can iwtent-agooualy ba ^licd to an oil 
shalis forniation in which there i* uignif i^nt ooniOTtratiai o£ a 
iniTwal such as ^scfocor^bi or naiboolite. In jwdi a TomEition tte 
procamfl prcwidau a pemeablH zone fxoai Mjdh jnac*! a miciBnl can be 
t^2oov«rad. In addition, the pieHB u t procsss ia particularly 
actvantagsopfl iii converting dawdooite to wator-soluble coDpourtda of 
alta n inlun (probably rho-almdna) \diich have bcaai (both chsfniCttUy 
and phyeically) rteAe avAilable for solutum-niniiig to pxoduca the 
aluadniiOT — an Baaa^tial tnatarial which is in ahnrt mijrP^y witliin 
the United States. Id oantr2i5t to many prevloiUiiy pzopa'^ed 
pococeseaoa, tha prooess of the present Invien^ion rocjuiKeft aib- 
stantj.aUy no *«t«r, involves mtniiwl lard disruption, and uan ba 
conducts with tnlniraai atnoepharic poUuticsi. 

Figure 1 shim the r«lartivo raba of ratum for 1982 US dollars 
inw^ted in installing and qperatin? the pi - e ee ut process in field 
aj^lioa.tlions that have boon matlissaticaliy nodallod frcn data 
o]3tain!»d hy field and laJboratory oMjiureKeDts. 
HXytMPTJ; 1 

A oarififf of injection and jmoductioa wslls ifl drilled into an 
oil <9hdjLe IbCKUtion 4B a in thiaonesa with 1?Q m of overburtten. T!ba 
avcz-ogs. oil greda of the iittar^^ i» 20 gallery pwr ton ae cteter- 
itdsitid Pjecbcr Anoy. 

TSte weU parttAm a wwaarfipot witJi each haat injmrtoc at 
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tfaa corner <^ a rogolar hoxai^Qn oarzajncUng a ccotral producdncf 
VYiU. Th« 9pacit39 is 12.5 bstwaan prodtscers andl ^n^'ctora. Ite 
pfttttotn ropnrts with jxcAiccrs nharing tha io^«ctnr» in ca?* 
aixeotiim aal aontlnim CO tazio a Cieldt-vidisi pottsecn cap^lA of 
5 prcx?«cuig a iar<j» quantity of oil. TTxi injGctsw-txs-^iraJucnr ratio 
appxcactot 2 to 1 ib a larqa tieia. Tn Ifbonplc 1 tb^ total oil 
produccxxxn is 23,000 tvirTala par ciay t>tcoug)i0>Jt tho lifu uf tliu 

ite injecticjn we3J5 electrical haabaca ara tsinsnted into 
iO fccctnatlon and oonnaztod to a power aooroQ on tba siar&ca. Olha 
product i on v»Us aze oq^icTped.witl) atandard oil field puicp:» for 
lifting thm produce<I oil to tha iSurfaca* electrical injooticn 
rato la 3.23 x 10*^ mV/WU per <^y. Thd tBtc»ra±nre of tN> 
in^ccbora ottoisa 750 ^ prodoctlrm Vjclls raacb a tomonal 
15 tenpiaraturB of 30& •C aftar 33-34 y<«r?i of operatlcD, Production 
Qwar thia penriod averages 5-6 bamala/ckiy par wall, with t*» 
avoczugrc ainfasr of activa prodocing wclla balDg froA about 40(10 to 
5000. Uoat cor^Uflpticn ia 1.1 x 10^ lOT/barrel of U^qpiid oil 

20 GawaoB prodocts collected trcm tha pnAiction w»Uj nay be 

u&ad for □n-<«ite gvraciaticn of cloctrioity oc ottair poxpaaaa. Tha 
oil-^aao petrolGAxt whieli ia no ptca?ced is saptriac to ooo- 
ventiiwally retoarted sJxala oil. Tm i^latiT^a rata of qcetum which 
can be oxpectad fxca tha If^anple 1 sltuatlcn i& illuatratad by tha 

25 1" aituztitm dsnignokicn on Pignre I. 

A sariaa o£ injection and f^oductlcn wellA are drilled into an 
oil alvale torxQation 225 m In thickngaa with 300 n of ovencbuxden. 
Tha a^^Bcaga grada o£ tha oil ahale interval is 26 9aUcDS par tm 
:y) an (5etenw.;r»d Jay Fischer asaay. 

Tha vi»ll pattern is tiie sscne aoven-cpot ^sacribad is acanipla l 
e>co6$»t tha tt^nciog is 13. & m hetwaan noeOls infiffflid of 22.S m. T&taX 
prodortlxm ia 25^000 berrala/day tzooqhout the XiiSe of the pro^ecrt* 
Ihe Injector to produoar ratio still ^jproachaa 2 to U In the 
welldi the heaboca «d c»roductioo acjuipiwit am nimilar to thoee 
deecrihed in >:&QnplA U 
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'ihft ft^ectrioal injccticzj rat<5 i3 10. S3 x 10^ BTDA«11 paj- day, 
Ton i/iiecta/xi WEdl taiporiSturBH r«^i 7S0 'C aaad tbe pinductkm 
wells reach a final toupcratLire of lt»o aft,er a proauction life 
of 9-10 yoiira. Prodoctlcn (w«r this parlod avcaragas -42-43 

f> b£irx«1s:/<Viy per wull, with average nuatxfr of active prryinring 

5 

w«ll<s being abcut Thn heat ccamuqptiaiii f>,6 y 10 T^Vbarzel 
of iiqiri<jl oil procatxsodL 

Ab In Acanplfi l« gaseous products can ba \23«3 for ccwiitu 
power gciiQrjrtifln or other purposes aixJ tha li<iuid pttsduct vj13 )>o 
to lu^^r in quality than canv/entionaUy retorted shalft all. Iha 

rcLLatiw mte of return whicb caa be ^srpscced 19 illUiitrutcd by thA 

2" 8itvffitiGn denlgnAkico on Pleura U 

Table 1 liftta aaibinattons of oil, shale gradan, thicAne^ees 
sua grade-tmckoccs products -wtu^ are generally auitahle far iv« 
1 S in thfs preuaif; ptooeajj, Thii r«lnti\.'* poRitijorw of suc*i gradB 

thictaiMi& proAjctB vdth respect to tha relative rate* of f inandAl 
retuxn azB illuatcat&i by tihe de9igDal:iQBnA "Ptttforrt^ HQn9e"<P.EtJ 
^ "EapecriaUy Prefotrad Range* (B.P.P.J on Hguro 1. 



(jirarte (gailoDfl/boo) P ucicnegfl W Grade x Thidcnese 

30 30 900 

20 45 90O 

10 90 900 



ftwe deairable 9rad8 thictocss fiac&ftpl^ n^iovn as folIc7.-«3: 



Grade fcgaloDw/bnn) *t1iicitatt>Cg <m) Grade x Ihidcnegq 
30 ISO 450O 
?-5 60 1500 
20 300 6000 
IS fm 9000 
XD 22S 2250 



'^0 In gvsxal, tha hL^hMT tbe grade tU^2kna6» product tha lODire 

Jatfirablfi. Vhm pcacUcal oc^lioaticD is lindted ODly by ttw exility 
to hact the deaired interval. 
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Ttaate ^rxs ooruhio'tstei in an CQCCiqpplrtg oi oU. shale 
foxntttloa which is typic^il oi injAwtancialiy ijRfMxnnabltt ^ 
rRlativoly thick oi3. sMic (tepottita- aJiirbecn borobolea were 
drilled to cSjaptha bfttween 6 dSiJi Vi m ajid wht* arrarqed to piwida a 
pntturn of heot-lniijctlnn, obeervatlcn and fiuidr^iroauction 
w±t3\ l3orcholtM» being ^^acecl About O.G m apart in order to 
provida a reJativesly rs^id acqui^rition of daAa. Haat wan injecttxl 
at a irat« of about 1000 wactt* par Tietre for five day*. After tt» 
heat^injcction milII teir^ratixre hod zeached 4S0 *Cr a tCA^uturn 
faJ.3.-<i£f test ruti finr ona day. 

Fi^are 2 shows tte viartical t^osBl pro£ilQ» in an cb59Xvatu.CQ 
well, &tf a function oC tlrno, Tha data yam fitted to a tntbsoiaticaX 
poj.uticn d&ficribing the tccqp^aturv dintrihatiork around a 
i^inite-lutgth linu Boam^ in&ldo' a jnadium of thsxtnal oanductivity 
(parallel to beddli»j) 3-25 TncaL/cw-aec-*C axad thamal ocsnductivlty 
(petrpandLoilar) 3.25 nofiVaiMMC-^* ^e opecifio licat capacity 
\itili2ed iii thft calcuXartiona vat coflpited f zcca tha tlieznal 
conductivity i thattnal difftwivity, and avex^a bulk density of 
cocea recovered during drilling of the ia»n&. Tha thcnnapti^'aical 
prcvorties ti)e tba oil Umla kn iifhlc^ thQ tasts \ttra cxTiduct^ 
are surnnarlfiad T^tbXe 2 . 

TMttg 2 

I'nitlal KC!S42r\uir TtaciyMratmny 

J?ulk E>enaityi 
Thannal DifAieivityi 
Spedllc [icat edacity; 

Figum 3 ahoMv radial profiles ooR^tad for th9 iniddla of tha 
l^^Mtod zoatd for varjjoas baatijng tismm (t) . At the end of a 
boopcdcatUEO huild-tj|> teet of 140.5 hours, tba sMtaqm. f o tTO ticn 
tfsopeeafcuro b ul t w gii tbe baatacr and obsi«vtttlcQ %ittll Mas 120 <»C, 



».8 

20 gallon/ton 
2* ZD goi/coi^ 

0*224 oal/gw 
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Fi<;un9 4 shew? a oani>3rlS(^ of iabn-atcTx^r \7r».VuB!s jmd fij&id 
data ruia-ti'^ to the chsnrad oi^ndluctivit^ poxollol tn ard 
pcrpiindiculor to tha beddinq p^an&S ot the oil ahnlC! fonnatianr aa 
a function of toiqpttrsiture. lha labcratoiry oonAuctivlty inoosiirttittnta 
s were nBdc crv Adl:}acedt &»pltdB of com frzm the obsejrytttioi^ vjcU , 
iwing ^ore coreft cut pftTAllel to and tjorm cut peqpeaxJicular to t3ic 
bedding piaim. A trog29V^tno£pt)6i:id wzm used to elifldnatis 
CKidtttlon raactian^ Tha !33nple9 ^flore ccnctralTDdt iji tha varticol 
dUecticn but vura fres to €>q>antf radially* After tbe amploa were 

10 heated to &0O thA radial expanidGn avora^seS \.45%. As Gihcwn la 
thii figai-oar tlv» Laboratory valUiQci ortt in •wmnajrt agreec uBu t 
t2io valuaa oczifratad fi:nm ths field dat^u ISac ttivtu iodlcate 
tbe tbenml ooftductivity ia icMor li) t^na directian pcryarnHcular to 
thA bedding plffna, becau^ k&xogsn layerjy harm a lower OQndDc:tlvity 

I,S than tha dolondto ratrlx. AC tenperatures bdour loa tha than^I 
ccnductlvity iu e»Mmtially lecstrx^lCf as cbservod In ttao fl&ld 
t:ests. 8ut/ that oaaeidiactlvity baoQam InccnsiBgly aniigntrgplc, a* 
tha icmrogen is ztxncmd {at tfinparataraa brUwi 300 and 400 ^ and 
gas begins to ocraj^y the spaoos batMoan tha liyam» 700 **Cf 

20 both tha parallel and pezpendlcular oa&doctivity dAcaconoa aharpJy 
due to the ddooopoaiituvi of the dolcnite and cvolutlaa of CO^- 
When a subtcxranfidiii oil shala fiaxmaticn ia bsartad tha oil 
flhaU ffxp/xru^ as the tcniperature Ijsoroafida. IShen the oil ahala 
tKSragauratuTB rvach^ a kwTsgen pyrolyslB? ten^poratura {for exaatplo* 

2S frcm stout 27!r-325 *C) odditional aaepBceicn fcacces axe gmeiated* 
The kerogen is oamvMurtod to fluids capable of occupying a lazrjK' 
volim than tfaa katogan, and sadi fluids beooae inaroaslivgly 
pcTOftsuKlzed vihen tlie teoperatuxe la Incrcfafiod. Aa xnote flinri i& 
rtmBud ^md eoora flxjid ia haatad, hydnulically ix^dooed frao i m >ce 

30 £oim vitJ^lD tbo oil ^ala foxsrartiQr). 

Practuioee idiich are bydrsuHoally induced within avbtarranaafi 
oai-tb 6nrnqtif¥w farm aUvtg pXanee perpe«iAj.cular to the loaab <^ 
tha threu ^cincixial cuuvi e mi ve atx T -eeee (i«e»/ one verti^ end 
two nutuaUy panrpandinnar horizontal umyiwi tiv atroew ? ^iihicti 
cxitft ^thio un/ ai^tsrriinsdn orth foncotifn. HbtAwar, vbssa tha 
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tVtawilc frttctanm tend to be vortiual, tiariwintal fracUirw can 
ba forwecl ty ljr»)<auajig heated fluiao oo tiiot tha wallA of tha 
viartical fracturco arc liEiitecI untaJ they audi shut. Thm, by 
liu3Xdsi7Dg the fluid lajectlcn pn^t^KuiB to grealjer than t>viubiiiti«i 
presauio, a horixontal fractore be fofined, Rucft processes for 
fchffzinaily inducing tl» foncwtion of hcarrzootal fractures by 
injeccuig CKtcmally hsotsd and proscoxiztid fiuida are ctesscribcsa in 
patents noctt as tivt abcwa-irantiorod US Pat-cnt tto, 3,2$4,78T;. US 
Patent Nb. 1,<3S5,.WI by C.S. Matthiwa, P. Varmirara and C.W. v=biek, 
and UB Patent Nb* 3,613,785 by P.J. COoteaBcm* 

i>t|:^llcBnt3 hav« luai^ diMosy^^^pr&X that when fiubfttontiaUly 
in^zireabl e siib&errariCAn uil t^lm having bbc pmsnzntly vpacdfiad 
ccnbliiatiod o£ gxad^ and tblokDDSft wnss coDductively hc&tiiO on 
prescDtly e^xacified^ a top? of pantTfthility una tdevelcped bctueen 
weUfl withiii the cdJ. i^Bila, Mtioogn the prouaot invanticn is not 
praAiaad on any particular mcehnniwi, in b^e oorurdc of aucfa a 
trcatit^ the heated oil sfaalft baittva:^ aa thoa^ it was sci>jQotfid 
to the abova-deocxib«l type of proos»M for thax^ally uidDdng the 
fomttttioD of hoci^Qcxtal Sxmstjxxst, Socix a hriiwionr vm» not 
pL-edictable, sinoo tba pt^ent pcrooesa is cg^ratad without ary 
iajtictioo of any fluid. It appears that when the p pe ae nt proocsa ia 
cporat(?d within an igpanww.Me Oil fihaLar tba in aitu gEnaratim 

d.i.^laoecncint of haatad aid hi^Uy ^ressuriZiod fluids oocura at 
the toxnee and to the exteanrta neaiad to twccessively extend 
IrioriecDrtally &-acburQ tttroogh auxMSiva prartiona of l!;he oil simle, 
vhsn thoaa pcorticna becan oondQTtxvely hcatod. Tba zora h»iTig 
htaated appeaxs to undergo a rclativoly unifeno, txwrxKJffitaL, radial 
cxpansicas tJuxoagh tha oil ^:iala, «t ttim rate set by the thecnl 
conductivity of tha oil shale, m aacii iftJCCBasiva locat.ian in virlrti 
a Xerogan pyroly2iJig b^qperatura la roachad, flutda appaar to be 
formed/ beated and pudssurizad ao that aid>9tantially aiiy vuxtiool 
f rficrturaa vjhic^ srm fomed witiila titt baatad zona are sidbaoqusntly 
cotivertod to barizcntal fractures. 

ACpUcaota* teata indicated that sttetantially aU of tha 
fluid pyrolyaia ptoAicta of tha oil ^le bended to xamin in at 



rear tlic iis^tiooa in vrtUch iJt^' vm fomnad untij Uicry wciro 
f3l5placcd, Liuuujli «i3*wt'antlalXy horizontal frwcturcsi, iiito wlls 
adjouiing tbo Ivsot-innecu-ing wclLi, In nddtcion* the fractarre^ 
i/^cJucijig pressaro o£ f iuida in ths ]^ori2tatrt3il fractures iiCT»rr« tn 
3 liavtt bran iiwJaoed AS thaaa f J^xids cxpemdad and wie ooolad as td^ 
xaoved away ftcom tha bottwjt pcartlcaiii of the bskati^d zcne. 

Htm, th* pn»nt prooaAS aeon to 3.iv3iioe th© roving of a zone 
of k«ro9eBrwroly*ii>g tenporaturcs ttaciigh tha oil shftl^ 
ijtnadisctaly toctilxsd a zanm o£ Jjocalized fracturiiig in vhidi th« 

10 fractures axis, or socn bttcorot, horircntal fracrturaa, Iba hcatii^ 
and fxacttirlAQ Banes seen to undargs a sobstantially nnifocin, 
horiwrcal, radial atponaicn bhrou;^ tha oil shale* uutU tha rone 
of rracturiog reactea a location (such aa tha bQr<4-ol« of a 
prodiictinci wall) fran wiiicii tha oiJL ahalt eyrulyai* produt?ts aj» 

(5 wicludraBun. 

In addition, avpUcantc tavc dlsoov«md that« at Idaat whan* 
tha ovcrtxjrda^ pcassurft ia mdlr tha zcna ai panneaibill^ that ia 
crodtad betiiaan adjacent volla ratains a signlficantXy hi^tx da^raa 
of pcntfi^ili±y after the fioxoatigna have oool^, 'mm it appears 

20 that, iswsD if tha ovedaxrdsn prttssm ia hi^h* an a^Iusrtdm of 
tEsa preeent process ia cap^le of footlxig a uttU-intercotmac^ljQg 
zccx) 1x1 vAildti tha petcneablUti' remlna hi^ or oan ba readily 
restcred an injwrtion of fluid after aam or all of tha huat haa 
dl&fiipstad« Andf the da<pcaa and location of tMt penQsajbility can 

25 be oontralled h^' contxolUn? tfaa rata of rKno^img ^in-in ^coa the 
pxodaclng walla. 

thct data dbrtaired ty muuiuraicents iu field teota of tha type 
denar^hed ebym ware insluaXva of: the tfoercal conductivity of tha 
oil s^tale fQnDatin% the amoiat of oill ceoovcrabla by PiadK^; 

3U a]uilyrslfi at varima daptha within tmM intexvala of tha oil <tha.ie 
baCdre and af tor haitijig, the neasuroDaot of the aamt of 
p/rolyais ptodccta toosMacadp and tte lilca. HhiLe no ooananiceticd 
QKlatad fgtwpen heat in^dotora and pccdooera at taat staxt«-upp 
ii^octi<33H crt tfaa and of the teat doxostzated tliat paomble 

35 chanadJ bad fbmad* 9m results of atandard engLnoaxis? 
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<3alcu3at\ona were iixlicatlvH of the appHcotiUity of a i jx\<:gp t , of 
ttm typa c3s.TCrllX"d abCM to the ns-fulW obtuiijiad by thfe teata?, 

Fiqfoi^ 5 .15 a <?raph of PiacSiftr Ar^y yields / £itjta tfaa targnu 
zone in th» fiald te-^« as a £\ntt;tian dt^xth n, ate hcatod 
3 InV^rvdl oxtnndad frcoL 4.2 to 6 lu. linj faolidS curve shows i±e ^'icMs 
hHfoTie the heating trBaliwint and the. dftd:^ carve shows t>w yxeWo 
alrt«r TE^ortii&g u&s oavi«fc«3, yiolOs bsafbm and a^jsr werci 
ous»ntlaliy tha saoB oratfiidc ttto beotod interval. Ite mcdsuixmints 
were cnoudb oa cc>reB frcm the centre of tha pittem txifar^ heatlcg 
1 1} ardt on corGfi about 1.^ csn a^ay atter hcttting* IVta variatijon^ wliich 
ara upparmyt iu thoso yi^da are vrlthin tltc nDnaal lucata of 
aocQirncy for tfaa nsajiurln^ '>sud3 vaJLuEiK^ 

Mciiin tha hOiitfld interval ttoo Fidch^r Pmnapf yi<04 rJrops fros 
£in average of 20 galicrai/tzxv before the tvist to laisii than 2 
IS gallcna/ton l^eatljsg. Urn xetortlng ftfflcieiicy within the 

exrocecffi ft»a bhu5 tetter thao <fQi of Fischer Assay. 

Tbe pattftTii tfvd i^xtent of the roaovttry cccfiiam the fact that 
litUe oil KAS lo£t ov^ the producliig liorlauxi through vev-tical 
fractures. Zn additixn^ tha i3Qifonoi<:y in retorting trffirieng^' 
20 through tt» hea£ed zcoe, Indioafaea that therroal fronu woro 
ap^XKiJEfttely uni&sna ever snost of thd heatad intmv^X^ 

The ualibaftity u£ ths tharmal frcttts is even nars apparent ia 
Figorea 6 aM 7. Iliey oboir h:2fizGntal and vertical temperature 
profiles oaloulat^ tor a ?et of vertical beaters in a £ive-^pot 
zr* square pattom. ifas t»t onad in the oalculaticos included fcmr heat 
inientorq and one oontra p>3codiaoar (not .^ilKfNVX/ hut ca:ttQred bGrtiA^een 
the heaters ^taown on th« fignTree) . Eadi locator w&a ^suced to ba 
m luog and hftat%d ab tto rata o£ yi4 W/nu 
'ilie profiler iii riguxii G (^rsq^ of toi^rature variationfl 
30 ^th diHtancm frcn the heaters) mem calculated along a hxlzontdl 
sugicoot I^I^ iiiiich ex tends i^cugh tha add-poiixts of haatera at 
n^3[x»it:e cormre of thft Aqnore* Figure 7 la a siMIar gtisph of 
^otilee along a vacticul eegneot 1^.1^ en the axis o£ eytmetxy of 
tiae paLLetn* 

Suc^ calciiXAtjcn» iitdioate that by the tin* retortin? 
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toaisaraturafl *C) rsacfaad at tha CflnLre of tttt {xrttem, 

note than 87% of ita vnlm^ been turivurtud whila ctily irixut t4^ 
of the ccBTxv^rtfid voluau t^^6 hirated to cnoro tivan 325 FUrthennare. 
th9 calculations irdicate tiuit i.f tbe powcx in turned czCf or 
rec3i3nnd befiorfi ths! o^ro rvacbBs a taxqnt t-eirpcrAt\u.« siicb as 
3^5 "^C, tha dwelling off of tbc theniBl fnonus will still hmt th» 
centre o£ tha pu;tt«m to retortlsg taqpotaturav «nv3 wiVl also 
recluod thi» tBO^jeaatm rlw at the heaters. Ifaia ooda n< cpexation 
can eft3U7.e thAt l03a thai 10% of tha heated volim i^ bKitaii to 
7TO£tt thao <>C« and Uvs cad iDCZttOfiii ^ thpmal efflolca^ of 

In view of tha dXM tart irfiRolts and tiio oalcaiatioivi hami 
on thDSA r^SQlto^ it Appe^ra thart^ cootxa to ti)C prli^r tiaocbinga 
^ byliofa, th9 initial ijmpttrrrttihility of an oil s^ude deposit wi 
to utlli£tti aa an advantage r Iho IMtial iacBzoBabilit? oanfiit^ 
the fluids aad Crjsctmw within the wsll g att am, ainca tx> 
paxxv^Uivif exUta until tha mm betNaen the heai^-injecting and 
fltti d - yaijUu Diny vnells becooe pff.nnnfttia.i fay a pattezn of heat-induood 
hpcizonfal ££4icttWQ9# 

Xa tha iiiefa g ut pcpcaa?/ the rate at which haat ia tran^tt«d 
into the oil sbilo doe»ait ia atxcn^ly affected hy the tCRSpocaturo 
gsiidient bertween a hbat-injecting Mali and tha surroQrdiJtg earth 
fomitioa. In a jBnefnrred prooedoxa, tha dfttatstinartianii of 
variations ffith dQ|>th in tha c oay aai ticai and ^opertixss of the oil 
Bhala depoait include a dotonninaHon of tha pattaxn oC he»fc 
conductivity with dapth vdthin tto earth faznatiaos adjAccsit ha the 
heat-injacbtng wU. Based on such dataminBtiaeis tte tenpexetureie 
to vdiich at Iffittt ana haat-^inj acting well Is heated axe ar r ang ed to 
ba raiatlvely hi^ at the dGpt!» at which the heat ocndoctivlties 
of tha adjacent «rth tbuB at ici tt arc relMlvQly low* Ihia tende to 
oause the rote at which heat ie traasralttcd throng tha aaxth 
&7nEiticns t» he siteteotially unifoDcn along the axis of the 
heat^iTt)accing veil. R»a peooetees can be utilized in older to 
piGvida higher teRpemtoree in porticna of hast in jesting wells 
jdjotsent to earth foamtijane of relatively lew heart ccndjctivity* 
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For ftx«inpl«, in v«lls vtoich are b^^i^g h«ated by elQctrioai 
rdsi8Xanc««, EiddltidAal raaXstant elenraAtfl can be poRltloii6d at 
the location At extra beacln? is r«quira<)> profetftbly vltb 

precaution* being tAkoa tc avoid the cx«fttioa of ''run-avay h^t- 
spots" 4ija to incraaalng taitparatux* Curth«r incraasli^g the 
r«9lsta&C!« and xhna further iACraaaiiig th« heating, for «xampl«, 
aa described in tha conunoaLy a»eign«4 CanaidlaQ gacent api^licat^on 
S«rlal Ho. 49S,854 fllad laovenber 21, 1985, by P. VaoHeuxs and 
C.F. Van Rgmond. In walls balAgp heatad by c^jabustlon^ no re, or 
larger, or mora heavily tlradp burner elasMnts can bv poaitlonad 
lo i»ucb locationa. 

Suitable dataraloatione o£ compoftltiona and prop«rtlei 
of tha minarala and/ or or^axslc oovponents of an oil ahale daposit 
and tha varlatlooB with depth ta eucfa propartias oan be nada by 
meana oC Itaoim veil logglnj^, reaarvoir sanpllng, and tha ItXa 
aTsaLytical proeadurea* Tha detarAldationa can utilize pravloualy 
inaasurad geophysical or gaochemlcal data or laboratory or core 
analyaaa, etc. for exaapla, tbo variations with dapth in the heat 
conductivity of tba adjacent fomationa can be datarained by 
calculations based on tha kinds and anounts of natarlals preaentr 
and; or by tbaraal conductivity lo^^lng Maaurements, ato. 08 
Patent Bo, 3,507^227 daacrlbaa a logging tool OMtalnlng a 
constant output heat sourca and three teaperatura saaaors for 
obtaining a log ot relativa thamal conductivity with depth, 98 
Patent ir<k. 3,833,128 describes lodging caaad or open borabolaa tor 
temperature, spadltlo beat and tharaal coodactivlty, anploying a 
constant oobput heat source and three taaparature senaors. US 
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P»t«nt no. 3,864;96» ae«ctih«a a logger for raafelng atatlon 
mtasureiaents otf th«nnal conductlvit/ by beatiatr a larMtion Cor ci 
tia« th%xi otMASuring tti« rate at whicb tn< temi^rature d^caya back 
to tha aiablant ta&^tatura. 136 P&tact Ho. a^9dl,Id7 d^^ecribas 
logging tbartal ooadnctlvlty of a casad irall by ia«ASuring tha 
t^nparatura gf tha casing wall before and a£tar pasaiog a haatad 
prol^a alang &txa vail. 

Aa ir\dioac«d aboira, avan vitb respaet to a fiva-apQC 
pattaro in vbioh a alngJa f luld-ptoduoing wall I0 sarrojodad by 
fonx baat'lnjeetlng valla* aubatantlally all ot tbe inter\'aning 
oil 
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Shale C2A^ both retorted <uidt uodw lamraable* Howsrver* tha ^eesnt 
LJTvenllon its ^oferably ccrpL^ycd hx a nuflMtt ut ctntigcmiB seven- 
or thj-rteco-spot patterns — in cltiutv which pattaiTui 
(particularly in ttw thiiteavf^Jot pattern) the J^:tortiI3g raty La 
^ significantly iTttaneasBd by having earti f luid^iortjciisg 'rfell 
surrcxjDCiod by &ix or twel\'Ci hBEj±*in:)ecting vmiM^. 

'i1is veils U30d in the pn^fictvt ^tto^aaa o'^ >x» cciiFpiHteLl by 
E?ut»taDtialiy any imtbnd for ] .1 ^rjg a toretole ini-o &txVor 
uponlng a iir«-«ci*tincr boreh:?3« into Ouid ocrammication with the 

1^ subterranean oil shalu lonoatlan to bft ufidd aa an oil shslQ 

tzoatsent interval. In cK^dltion t-xi liaviisg the spnciliod abjwrx» of 
significant oDcnantft of icnbile uater^ t^ckness,. Az^ grade, of oil 
fd^il&r tine i£rtarval to which the pi:enent pnx^vi in allied stxAildt 
be o&pahlc of oonfiTiing fluid at Ics&st Rubstaatially within the 
treatrnont. intervals at ledst in respoct to AUcwing no ai^iificant 
leakage into cwerlyincr k>catj.ons vhen the EsrosAira of tho fluid 
reachsts prrmm piresiMXBr and fractures the fc»3iBti<m wlthla the 
troatnent int«rval. Ttm bDrehQln of wiUji ccttpleted to: um in the 
prc93dit E3COOQ88 sbcfultf bc substantially rmti^lal and Baparatsd by 

20 sdbRtantia31y equal (Sj.stance^ of ae least about 6 lo. DCQ:elu>le 

BspzLratiiJn difitanoaii hsfy^/ssn injectcsrs and pigdsaKa of Cnxi abnut 
9 to 30 m are portieularly suitable Bori>hol68 fre^ o£ deviatiosta 
fiTJin parallel. Which cause varlaticffts ol mre than about 20 per cent 
of the wfll dlfttaceefi ax^ particularly auit^le. 

25 xxj the heafc-ijojecfcjng wXlg wjed in t*te present process* v^he 

ccsneot or e^iajntt-llka iiAt^ial whiob is tuwid to &dal along tho face 
of nhA oil ^JUa fbcrwitlcn ie pref<yrably veiaclvely heat?--ccBdQctive 
and substantially nuid^ixepaxsoeabLe, Particolarly preferred caanents 
ara stabltf ;rt tacTpftrntorcs of at inaat about 300 ha\<a a 
relatively hi^ thftrmi coitductlviticfl^ xcXativcZy loi^ peraaabilit)-, 
Uttlo or no stelnlcaQe* an adequate ease of pun^easdlity a)v3 good 
ctaidcaJ resistaooe/ etc. ihs periefiblUty air! diapoeitlon of the 
SMlin? material stiou3.d pnA'iae a ml capable of prerventlng any 
significant anount of fluid flof hetMnen the interior of the 
bonn^lQ and the J^ce of tin oil Rhala fbmatioD^ so that tba 
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rj:an»f«p of heau frcsn tJ*-C UiU to tha foimatxcn in EwbntHntially 
«ntiraJy )5y occvluctici^. i^hczc portic<» of thft tiBat-in jactrng wall 
borotola ar* Bf^ecti^^Jy iiwaceased in diajnc-tcr near uppar and Iohesi: 
cxtrcadtii^ of thu trMtimnt interval, fov exsnple, Jjy undcr- 
S reeroing, the dlAAutars of th» IncreBSBd port3cai» am preferat>ly at 
■least a)>aat 110% <^ Uie imuvai tcirdnolR diwaeEtar* Calci.m 
aiundnate-bcniled ooocretes ajul/or ccsnacrta oontoiniog oluFoina- 
siliuatB aggregates (or fii^e parti cJ.es) are particularly ^iltdjlo 
Tor yxsa as such foisurtifvi faco^fiftaLing ^narterrlala. of 

10 suitable osncnts and oaeicxe^^aA Inalittia thaea deacribod in 05 
Intents 5uc}i as 3,379,232; 3r^'7rJ32 and 3,595, G42« 

Picn3x« 8 abcwii a porrt-lcax of a hcat-injoctliog wcdl Ixircihoie, 
Ixreliola 1, tidalcli ia auita^^ile far use in the present ii^venbion and 
is located within a trOBtaant interval of subterxaneaa oil aha la 

IS depoflj.t. t^eltolc 1 ocntains wnlargwd purtlcxia, Mic^t aa portian* 2 
and 3, whif^ can 1m torited by ccnwutiranal prooodoxcs such aa 
undon'oaadr^ duriiig [arillipc)/ etc. h caaing 4 ia shown posxtiosned 
vfidiin the boroholA and l aimmlfcul ioto placa \tit±i a fluidr 
ijcperrofialslo^ haat-cccdLictivd notarial, aoch aa aszentu 

20 H^ithin each enlarged borebole porticft, tho caslivg 4 is 

aguipped vith at leaat ona haat-<OQnr)uctive metal elflOCQt , sach aa 
collar 6f oantairilng Rtdl&Uy extanaiwi aleatenta or pcaXixxia, such 
as fi^Uble netal toesbers 7. socih hcatroonduetlvo getcrlftla fcim 
fClAtively highly ocndnctive patha fnr conducting heat ficsa vritMn 

25 the?- intorior of a borahola to eubatacrtially tha t«aLL of an enlarged 
pcirticn ot the boorelxslA. EXanpLes ot aultabla heot-oonduotlva netal 
elejooxta inclnte ostal vail acratchare, tttrtrolea^cg jntoarsr 
oentcalizexs and 1^ lite sucli as a aamoar-Ldc P ntrhnnda r, or 
BoltkJc IXirfaufaootdar/ a\'ailabie fxcn baker line division ot Baker OU 

JO lools oar a 101 Bar S ocptrwH^ir a\<ailabla tran Antalcpa Oil Ibol 

With an amngmnt of tha t^'pe nitom in Kigare B# at' least to 
aooB «ctuQt, the fiixit haat Uawtl ttad away frcn a hnt- 
iujecting can be asida mni xrrifhna along a vwrtical line 
J5 ti^vorslog a layax of r«la;tlvaly lav oonductivity without tl» 
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twcAMMtty of Tttadnbatnitnia a bi(}K:r tsnpcroture in the pnrticn of the 
v^cH odjocvnt. to that layer, When a uniiotsa ttfii{Mtsxtura ia 
uolntaJja&d '^nthin ttr» Interior of tl'jC barotol^/ thci earth fnniBitloci 
face alonrj i»uck on waargad portion of th» borehole bcoOMBs bantod 
to ^n^taotlally tho amc t»|>sEr3tiix« a» tba fQi:naU.oa face alcsv} 
ndrrcwer portioiui of the borcibolA^ Shiv^ tlm fe» of the fonnacilosi 
adjoining the torohole is hoartod to tha hlghafvt tenperatxire of ary 
porticn ia tha fooanatacn^ ihs teofpexttburc grddivnt extttodijif 
r&dittlLy as^y £rm tt» enlarged paction o£ tte boro-faol« lit ehifttd 
radially a&ny £ra% tion bofehoJe* 

Tn gerexalf tha beatli^ of tha IntTrHnr of tha heat«lpjnc:t.lngr 
viell COD ba aocoRpliahed by substantially aoy typa of tnurtii^ 
devioe, such as caubuaticn ttnA/ov eloc^lcal type of hcatiA:j 
oLcmexsts* or thsc IUqb. iba basting elanent slrml^ emnd 
auhAtantially thoroughout ttii^ Lmjlunt intacval (pr«farab1y 
thrxxighout a.t IfHfft ^dsojt 80 per ccx^t of that inturval) . Sitsarm a 
confcustloa typift hiautin? taroant is uBod* a gas^fired heater la 
prafearrad. H:^ fb«l and aeldan.t« to a oontcxBtico tmter ^sucb as 
nathaim and oscygaij aro ^af orably atvplied trough separate 
conduitfl laadiiv? thnxigh a beat tMchasgpfir in Wiicfa thft fnmffring 
fluids ara baatad by tha ositflcMin? coDtastica prodocts. Tbo buTDar 
liousing and fluid omiiiits of a cxnbuaticn hmtac ar9 preferably 
inataXled wLtblD a wall conduit \JxLGh is aurcorjAdad by an ancajlar 
apsce thixt ia filled try the cedent tor sealing ite face of tha oil 
shala. Oanarally suitobla typaa of oontnstion heaters Which could 
be arranged for rise in the pres^tt ^ooasa are dettccihad in as 
Dutenta «uoh aa 7,070, 802 » 2,78Q,4S0 and 2,903 « 270. 

An eXectrloal repistanoe hoRtor is porticolady auitabla fbr 
he&ti£Q tha intwHffjr of a haat-irQecting well in the present 
process. A pUxrality of rc&istaDOe fclitfaants ar« pittf^rably nand. 
Ifsa rraiBtanca alanatntis c«pi be HDunted within cr cxtaraal to an 
internal oondait or rodi cr slnply extouM into the iDcanoholc ^4ban 
tSu rauistsRoaa or* oybamDl to, or are trm of a ei^porting 
altiStttxt, sucb as a conduit or rod, thiy ara pcafarably ecbedded in 
iJie coicnt uiilcb eoaii the faoa of tha oil ^^aitt aloo? tha 
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la-CcitiuAot Interval » GcweraUy sultablo ^VP<^ c>l£Otricta hbertssra 
which ccuid ba oxrongsd for Tom Sn c;he preocDt v^^^^ca:;!:; ora 
daec?rj,hed in US Patents StttA a» 2,*72,445r 2,4M,063? 2,670,802| 
2,7.^,195 avi 3,9S4,826. 
.5 In various ra.<)eTvoj.r sitoaUflnA, p^tioos oQ an triX HhaiA 

dc^o^t which Mould, in gsr^r-sd^ be suited>lc for um qm a tceatmot 
ii^tcivalr a» <3£ittC£ibiid in cur paiw^t dc^lJcatlcc cnay bo p&xafeMitBd 
by nauurai fracbir&s and/or pioraH of weaXneTQ. Cuch relatively 
rrcXs nay xii^rgo r<:l^tivcXy long AXbaoaicnB of vartixal 

10 fracturaa when pn^iMturized duldo basing di£^laoaJ ohiay fxuoi an 

Injectioa wall ncAift into tins&4 This imy result in extiending fluid 
pasAiigeMRyg ]>Qt]n(3 t]u> octtninga into productioD whUa ond/or inU> 
^Ijdcent aquif(?r9 cgipsi>.1e of capslng an infloir o£ votxer tD iid 
extfznt detriiBarrtal to oil rcoovcry j^roccss. 

J 5 ne. havta n^i^ di»uuveDed thnrt vas^ pgcmiature fincrture «xl;er0lan5 

can bo ecvoided by drUlLrog and hHotin? "guard mlla^ wlttiln au^ 
relatiwOy ^ak oil alialo zooas Is locatlona sucrouDding a pettfim 
of lieot inj^tli)? arvl fluid producing voells and/or ii^ laattinng 
iiirtcrmittent bafcinaan a heat injactin? or fluid ^oduciiig Mdi aud 

:!t} an adjacont aqulfiar. Such guurd mvUa 9crm U9>wi for cxaiductively 
heating tJie adjoining fonsnatiaifl a ubaLauti aliy thraaqhont tha oil 
•OuaXe interval bo ba trefitad bo a bcs^eratuxe vhich 1a too lobr to 
ga&ify fiignifiuaort prppcactiow of tita oil ^lale ocgaoic oco^onents 
but l5 high «n3U0h to c^ua^ a fii^nlficant thwfwal g»p a ntri cm of tta 

23 nodkm, Mum thom jrocka arft Iiaated the natural iractuttts are ke^jt 
clofifid artd ths fracturing coaaBl by tt» appi^ooohing pcasaarized 
fixa.d» (displaced away fxocn ]%«t-ln^octlng ualla) taoda to 1^ 
lliAltcx) to horiscntal f ractaxaa ccncantrated alccig tha aidRa naarest 
tn tha h9at.-irriectlng vall.^. ytooxo fluid prodJClD^ 'jaalla aro 

30 locatod sabsftankially faatufaaa tba hafltt-lrrlacting wsUa and ttv 

guar^ vcllSr tho fractures aro itfttfiMnontiaily idrtacdad into ttsoaa 
uellfir vberc the high fluid pmsures ara (joickly raducod by tim 
prvadjctlon of thv inflo^rlng fluid. 

Ifaa e n L uiait aaring of auch ralatively imk reserrK^ lodcs ia 

35 9pt to hm indlcatad by on inflow at wtar into «aa2 la drdJ lad into 
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woofcnwM mi/ox vnteuc ixillcw can be thenmlly oloGtid by a 
miati\iw3y mild h»«tingr aj* Lce>g iw tho fracture porosity 19 DOt 
laoTfi than atojt 5 par c?6nt« 
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c r/ A I M $ 

L . tn a pxoooss in oil is porodaoad frm a !;wd>terranean oil 

Ahai* d«pQ9lt ty extending &t luaat cna each o£ baat^iujectiii? and 
iXttid-pcizftcing into th& deposit, czfit^dalifihirg a haat^ 

0QndlL2ctlv« fXiddhix^ennBabla i3Arrl€x boAwam tte iJiterl<»r oC oadn 
hoatr-ln^cctli^ <md tlia adj scant dRpooitr ^md then Ivtatin^ c)^ 
.int^inr ot each heat-injoctiag ^11 at a tecpBtatorv aufSicient to 
uonductivKly ba»t oil Wile icerogsn and oeiuse pyrolyslA products to 
foxm fxactixcvtt within th« oil shale deposit Qiroucfb w)Uch tbo 
pymlyeld products oro dii^lcauood into at laiuit noa producrtion wsll^ 
an tUf^uv CT ie nt for cnhancdjog' tbi» uoifonsity of tha last £rrr±» 
novio? thrQ'j9h the cU shale deposit, vyhlcb ocapiiciac&i 

dtftczmining variationa idtJi d«pt^ in tha ccRpo«itjon ard 
piopcrtios of thd oil ahala d^oaitf 
ooQ^ledog said baat-inj«ctlng and fluid-ptoducing Maila 
^lectlvely Into a tioatoxint fntacval o£ oil fthals in uhich 
the oil flhaXe deposit taj l9 at least about 30 m thickp {b) is 
substantially ijupaxmaabla and frw of nobUbe vi.ter/ (c> ?ia9 a 
ocopoaitioQ and idilckRftuS fiUch that the tn pd mjt oi -Use a^i^caigc 
Fiochar Asmy 9rad9 times ths tMdoaess of the treadsent 
intarvml La at least ab^ 900« and fd) tAnrreb^ contains 
OQoponentA ce^lc of lAtoracting in a UDoar entwcing tbs 
ui^ifonrdty of a front of car^ttootlvoly txraosnlttcd hoat, with 
said vellA beinor arranged so tbat« at ioaat siAuitantially 
thrca?b3iit said tcMtnent intervals the vnell borefaolee are 
substantially ^arallul and aapnrsatad by fivtotaDtioUy 
equa>. dietancefl of at least about 6 ou, and 
within tbtt isrtarior of oach heat-lni^crting i«ell naintaiaing an 
ovwnQto tawpsmtupa aeZactively alon^ itaid traatment 

infeOQCvaU is at laast about &00 ^C, hot is not hi^ anou^ to 
tteoall? (Savage otplptnent uitMn the well, utiila beat is 
being tramniteed away fioa the veil at a rate not sigoi- 
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ficant'Iy fftstor tAon th&t pamdttttd b? ths thamal cm- 
tetiviUjes of the c^ucth ibntutiuru odj^uKnt to tba bBotad 
ijTtflxvAl tntMn tho well. 

2 . It* proceiss of claija 3 in which, to the extent, reqaired to 
kAQp t]iB ratu «rt wMcii h»t is trananitte:! thrca^h the all st^aXe 
di^oslt cdbtmavntlftHy unliocu aioog tbu axes of tha haatsd InterTal 
of the heac^tDjocting vcU, tfac toipftcatuxD at vdich at 

leavt cna tent-tnjectijig well is heatad is rdlfttl\^y 'nlghor ^ 
dopthti adjftcant to pcoctioofl of ths ojJ. sbale cteposit in vhidi the 
hoert OQsidiACtivitiBS on rviativaiy loiMr, 

3. Tte pcocQSS of clftliA 1 in which tha rota of humtin^ tha 
inrtr iflx of at Xeemt ono tredt-^injcctifig well la varied to eoi cxtCDt 
cditdini^ an effective le\*elliju7 off of die t^^sunaJ. ftocet n> t^rtat ths 
rata of iadtvanca tfaztucjb the oil shola of tta tbaovai front if* 
ocQtlisQed at substmtlally th» ezoe rat^ uhil9 the tata of iatcrdascB 
of tfae tAipvracuce wltMa th^ boreholo is fu^iflcgottly xo^cxxd. 

4. Jhrn pccyjese of clai» 1 in M*il/db the heet-)j)^estij)9 an:3 
fluxdrpcoducing \«ellfi ara arrai^^ in a ttriee of conti^uoutt 
patterns io idUdi oach fluLd-produeing vail is gjrrr>anrtflrt by at 
Iceat fair beat-injecting wells. 

5* The lapQDaeB of claiA 4 in vhif* eac^ nuiarEWoeJbJCing well is 
fiortouodod by twab/tt hnkt-isjeiitiDg ^lellB. 
6* ita process of clain I in uhicfa the oil i>halc <?rado is at 
l^et about 20 qalOona per ton and the gcader-ttiicdiDess prcA^ct is 
at loeat about 

7 . process of clidm 1 , cout^iuSxo^ tbc stopa of 

in each heart-injecting wel) r aAsotantiaUy U^cuutf^uu t the 
trsatnant intficval^ soallsg tbe £aas> of tha oil ahale fttsnatioo 
tfitb a aolid aabarial uftxicti la relatively haat'-coDdactiva vu3 
sitetaiartially fluid ixguamhlm 

in at iMBt one heatrinjectizig veil ijncraaaljag the effective 
dim9t;er of Che bcn^iole in at ieaat one pcoction of tha treAtment 
interviai mxi e aUa^i laj at least ooe batraODdactiw vartal elanant 
fiDCii Within the ir^^Air^ of the bcrataoiA to noar th& face of the 
ao^aHaryed portico of tbe borctole;, and 

in oadi £luld-ipxoducln9 wellf cabs^^antlally tlu w jimut thn 
trmtnoit Intervals ectabliiMng flxzid ooopunicaticn between Urn 
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y»V tont sav^S tte oil Gi^aOc fomatlca and arranglitg thQ leU tor 
prttdijanq f Jui<l frcw the oil sMIb fwrocion. 

a . Ite procws ot rlaijn 7 in ^dil^ tin iratazdoi saaling thv faos 
of th]& oil shols fcraitioci alan^ thv bOEiBfaDl« oi: a t»wt-in>ictlug 
Kell L5 a oesnoi^ axraogfid to fill 8u2»tafxtiAllv all of the opaoce 
bctwnn the outoruottt oatallicr wlfltacmtft wltiUu tho iufcttrior of 
borehole and faa» of tli* oil atMLle fc3Tn«ticn/ wLCiv sa.'W oenw^t 
having a thein^ cxTnducttlvity «t 3<HiBtt RvdsfltantioIIy aa hi^ as 
that of thy oil tthtiltt iOixn&tiod. 

9. ITis porccesQ of clAin I in u^d:\ At I^ftt. ono veil located co&r 
ao edgn of a patteui ot boait-injectiDg an:) fluidrprocSucring wbUh Ue 
dxtctfj;^ tnibiitiintially tiiEOuqhcMt tfaa tr«ietxn«rit iDtar\<zil ocsd heurtaJ 
At a teinpftratar& Vii^ teftimc^ to cnufta a tbanml as^jofi^Ung iind/or 
ccnprcs9ivc eticsslitg oi tho Adjaoaant oarth CortBations bot 
enough to avoid algniticaDt thetmol xoobiliTation of or^^^mic 
caxpoEsatsta of thk oil afaaia. 

10. Tlic gmoDSff Of clain 9 in lihicfa at least <xm fio heated i^ell is 
fiubsequmtly boated at alxut tfao taipot a tjorp 9olectod Cor dx 
heating of tha l^t^lnjectio? mils being enplc?od« 

11* ISia pccceaa of clam I in whicii th9 wall hnrah^las o£ aaid 
h3&t-injdJtioti aoDd CLiald pcoduoirig mlLU ata aaporalAd ty 
substantially equal diotaiioea of about 9 to 30 m* 
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^ild oil iB fiubsequfintiy pcodiucod team a avMorrant^ 
Inb&rvAl of oil shalftf vd»re cte intuval is initially 
sUbstaatioXly inverneaJDlt anA contains a q>9dUiea gxada and. 
thlctocOT of oil *al<i# Said io*Brval in c?ondacttw»ty heatad froo 
bf^n^aoltt dMftriora wbicta aio kopt bottar than aboot 600 ^ axvl artt 
heated at a rate sodi tbat lcei09ST\ svrolyxLa pzoctet!) foarroct W.thtn 
hhe oil ebaJA cxaata tlad thrt»gh horismtal firafituxttfi M^ldh 
auba«eiuaitly beocno cait aQdad fUUuH^oajclag vrolls tt^t aro 
poaltioned La spodfiod Locntiisns* 
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